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Abstract In the present work, Bi2Sr2CaCu2-xYbxOy (x = 0.0, 0.05, 0.1, and 0.25) 
superconductors were prepared by a polymer matrix route technique, and 
subsequently used as feed in a laser induced directional solidification (LFZ) 
process. The X-ray diffraction, DC magnetization and magnetoresistance 
measurements were studied. All samples consist mainly of the Bi-2212 phase 
which indicates the performed process is adequate. However, some impurity 
phases like CaCuO2 were also detected. We have calculated the hole number 
using the relation given by Presland, and particle size, Lhkl, using the XRD 
patterns results. From M–T results, the superconducting transition temperatures, 
TC, of the samples were found 93, 90, 87, and 85 K, respectively. The activation 
energies, irreversibility fields (Hirr), upper critical fields (Hc2) and coherence lengths 
at 0 K (ξ(0)) were calculated from the resistivity versus temperature (R–T) curves, 
under DC magnetic fields up to 5 T. The thermally activated flux creep model has 
been studied in order to calculate the flux pinning energies. The results indicated 
that Hc2(0) varied from 132 to 30 T and the flux pinning energies varied from 650 to 
400 meV at 0 T, with the content of Yb. 
 
Corresponding author: H. Gundogmus. Department of Physics, Faculty of 
Sciences and Letters, Cukurova University, 01330 Adana, Turkey. e-mail: 
hkngundogmus@gmail.com 
  
1 Introduction 
Since the discovery of high-temperature superconductors, many substitutions have 
been made in BSCCO system in order to improve their physical and magnetic 
properties [1–17]. The effect of substitution on the Cu sites is more important than 
other ones since the transition temperature in ceramic superconductors depends 
on the charge carrier concentration in the Cu–O planes. It is well-known that holes 
in the Cu–O planes created by electron doping constitute an important parameter 
to achieve superconductivity. There are three phases in the Bi-based 
superconductors with general formula Bi2Sr2Can-1CunOy where n = 1, 2, and 3. The 
transition temperatures of these different phases are related to the numbers of the 
Cu–O layers per unit cell [18]. 
It is rather difficult to realize the mixed state of high temperature superconductors 
due to their short coherence length, large anisotropy and thermal energy. After the 
first prediction of flux creep by Anderson [19], large amounts of the research have 
been recently addressed to the effect of applied external magnetic field on resistive 
transition in order to better understand the mechanism of flux pinning and flux 
motion [20–26]. There are several models for understanding of resistivity 
broadening under a magnetic field, such as thermally activated flux creep [22], flux 
flow [21], flux line melting and flux cutting [27], etc. The flux line can be thermally 
activated over the pinning energy barrier, even if the Lorentz force exerted on the 
flux bundle by the current is smaller than the pinning force. Some researchers have 
pointed out that a thermally activated flux creep model can describe the data quite 
well for resistivity region near TC (ρ = 0) [24, 28–31]. 
In addition, the material preparation technique plays a crucial role [32], as 
important as the substitutions creating a pinning center in BSCCO systems. 
Moreover, these HTC systems possess a high crystallographic anisotropy which 
can be exploited by an adequate grain alignment to produce high quality tapes and 
wires, as well as bulk materials with improved electrical properties. In order to 
obtain very quick and homogeneous sample, one of best methods is the polymer 
matrix route [33–35]. Other techniques used to improve the transport properties are 
based on the grain orientation [36, 37]. Among all these techniques, the Laser 
Floating Zone Melting (LFZ) technique has been shown as a very reliable process 
to obtain well-aligned Bi-2212 grains, with their c-axis nearly perpendicular to the 
growth direction, and very small amounts of secondary phases [38–43]. 
In previous studies the mechanical, physical and superconducting properties of Yb-
substituted LFZ prepared samples [18] indicated that Yb substitution is responsible 
for the variation in both magnetic and superconducting properties. In this work, the 
magnetoresistance of Yb-substituted samples is studied. Moreover, the thermally 
activated flux creep model has been applied on the resistivity curves under various 
applied magnetic fields between 0 and 5 T. 
 
2 Experimental details 
The preparation technique has been explained in detail in previous works [18]. 
Phase determination was performed on annealed samples using X-ray powder 
diffraction measurements (Rigaku D/max-B). Electrical measurements were 
performed by the conventional four-point probe configuration on about 30 mm long 
samples. Magnetoresistivity measurements were carried out under various applied 
magnetic fields of 0, 0.5, 1, and 5 T. Upper critical magnetic field (Hc2) values of the 
samples were calculated from the R-T curves. The temperature dependence of the 
magnetization (FC and ZFC) has been measured under 50 Oe external field, by 
using a 7304 model Lake Shore VSM system. The samples with x = 0.0, 0.05, 0.1, 
and 0.25 will be hereafter named as A, B, C, and D, respectively. 
 
3 Results and discussion 
The normalized XRD diffraction patterns of samples are shown in Fig. 1. In these 
plots, it can be seen that the major peaks (indicated in Fig. 1 by ?) correspond to 
the Bi-2212 phase independently of the amount of the Yb doping [44]. Moreover, 
small amounts of CaCuO2 nonsuperconducting secondary phase (indicated in Fig. 
1 by *) have also been detected in the samples. From these data, it is observed 
that the crystal symmetry of all the samples is tetragonal and the obtained lattice 
parameters are calculated using the least squares method and presented in Table 
1. As it can be inferred from these data, while a-b parameters which can be 
associated to the in-plane Cu–O bond length, are unchanged, c-parameter is 
decreased with increasing Yb concentration. It is argued that the variation of the 
oxygen content on the lattice structure by substituting Yb for Cu ions can cause the 
reduction in the c-parameter. In addition, no Yb-contained phase is was observed, 
indicating that Yb atoms are incorporated into the crystal structure of Bi-2212 
superconductor [45–47]. On the other hand, the XRD patterns are very similar for 
all the samples prepared with only minor differences in the relative intensity for 
some diffraction peaks were observed due to the plate-like surface structure of the 
sample. 
The temperature dependence of both FC and ZFC magnetizations of the samples 
has been measured and given in Fig. 2, under an external applied magnetic field of 
50 Oe. It can be deduced that the field cooled (FC) samples show a decrease on 
the superconducting properties. According to ZFC data, the samples become 
diamagnetic below their onset temperatures of 93, 90, 87 and 85 K, respectively, 
and diamagnetic saturation is almost reached at the lowest temperatures. These 
behaviors are mainly caused by their granular nature, together with the effect of the 
secondary phases, thus the grain boundaries show weak connectivity [48]. 
In order to get more information about the crystal sizes, the Debye Scherer formula 
[49] has been applied to the XRD data, discussed previously, which is given by: 
 
where k is the used wavelength, b is the full width at half maximum and h is the 
angle of the peak. As can be seen from Table 1, the particle sizes decrease with 
increasing Yb content. The number of holes, p, per Cu atom can be calculated by 
using the relation 
 
given by Presland et al. [50], where ????? is taken as 85 K for the Bi-2212 system 
and ??
?????? values are obtained from the zero field resistivity measurements given 
in Table 2. The results show that the p values of the samples are ranging from 
0.144 to 0.135 (see Table 1). It is clear that the hole-concentration decreases with 
increasing Yb substitution. This is due to the fact that Yb substitution reduces the 
number of holes per Cu atom and diminishes the superconducting properties of the 
system. This is in agreement with our previously reported results [44]. 
Variation of resistivity as a function of temperature, under externally applied 
magnetic fields between 0 and 5 T, has been measured. The external DC magnetic 
fields for resistivity measurements were provided by an electromagnet and they 
were applied parallel to the current direction. Zero field cooling (ZFC) procedure 
was used during all measurements. The results obtained are presented in Fig. 3 for 
various applied magnetic fields. The samples exhibit a metallic-like behavior above 
the critical temperature. In addition, the onset (???????) and offset (??
??????) critical 
temperature values were evaluated by using the magnetoresistance curves given 
in Fig. 3. As it is well known ??????? temperature is related to the transition of 
isolated grains to the superconducting state. On the other hand, ??
?????? 
temperature is related to volume fraction of Bi-2223 phase and/or features of 
intergranular component [24, 51–53]. Therefore, the temperatures close to the 
onset transition temperature region, the structure is in accordance with the 
intergrain transitions, and these transitions are not affected by the applied 
magnetic field due to the absence of flux traps. As a result, since the flux or vortex 
pinning is ineffective in this region, and substantial variation in the ??????? 
temperature value is not expected in the presence of the magnetic field [28, 54, 
55]. On the other hand, in the vicinity of the offset temperature ??
??????, the 
resistivity of the sample depends upon the applied magnetic field as a 
consequence of the thermally activated flux flow (TAFF) process. Therefore the 
pinning of vortices will be highly effective in this region. 
??????? and ??
?????? values obtained at different applied magnetic field strength were 
given in Table 2. As can be seen from the table, ??????? values of the samples 
dramatically decrease from 100 to 97 K for sample A, from 98.6 to 92 K for sample 
B, from 97.7 to 86 K for sample C and from 96 to 82 K for sample D. We have 
observed the broadening effect at the tail part of the resistivity curves and ??
?????? 
temperatures shift toward the lower temperatures by increasing the applied 
magnetic field up to 5 T. ??
?????? values range from 95 to 78 K for A sample, from 
93.2 to 63 K for B sample, from 92.1 to 56 K for C sample and from 90 to 48 K for 
D sample. The considerable reduction of the critical transition temperatures may be 
related to not only the decrement in pinning ability but also increment in the weak 
links between the superconducting grains and motion of fluxons [56]. In high-Tc 
superconductors, the efficient pinning centers are formed by defects such as 
dislocations, twin planes, grain boundaries, additionally to by artificial, radiation-
induced columnar defects [57–60]. The nature of pinning centers mainly depends 
on the grain boundaries, impurities and oxygen vacancies in Cu–O layers. On the 
other hand, when the driving Lorentz force per unit volume, FL = I x B exceeds the 
pinning force per unit volume FP, in type-II superconductors, electric field arises, 
electrical resistance and hence energy dissipation occurs. At lower temperature, a 
higher magnetic field is required to depin the flux line since lowering the 
temperature increases the pinning force [57]. As a result, a shift of the zero 
resistivity temperature occurs [24]. 
In Fig. 4, the irreversibility magnetic field values, deduced from the resistivity 
measurements, are displayed versus the onset and offset temperatures for the 
samples A, B, C, and D. It is easily observed that the irreversibility field values shift 
towards lower temperatures with increasing Yb-content. Additionally, comparing 
the position of the irreversibility field lines, it is seen that the position of sample A is 
higher than that of others, implying that pinning ability of sample A is stronger than 
that of others. These results are in agreement with previous study [24]. It is 
generally proposed that the superconductivity is destroyed when the amount of the 
rare earth ions are increased in Bi-2212 superconducting system. The intergrowth 
of the impurity solid solution phases and formation of weak coupling between the 
impurity and superconducting grains plays a crucial role in diminishing the 
superconductivity. On the other hand, the optimum applied magnetic field may 
hinder the negative effect arising from the impurities. If the resistivity results are 
examined, one can see that the ??
?????? values start rising towards the higher 
temperature values. So it may be concluded that the effects of the impurities are 
shielded by the magnetic field [61]. 
The upper critical fields of samples are found by using the ρ = ρN (90 %) relation, 
where ρN is the normal state resistivity at the critical temperature, ???????, related to 
each field value [62]. Taking the onset temperature points of Fig. 3 as the upper 
critical field, HC2(T) values are plotted in Fig. 5. HC2(0) is the upper critical magnetic 
field at the temperature T = 0 K and can be estimated by using Werthomer-
Helfond-Hohenberg (WHH) Formula [63] given as: 
 
Taking Tc values found at zero field in Table 2, one can roughly calculate HC2(0) 
values as 132, 62, 56 and 30 Tesla (see Fig. 6) for the samples A, B, C, and D, 
respectively. It is easily seen that the HC2(0) values decrease from 132 to 30 Tesla, 
with the increasing amount of Yb-content. In our previous study, it was reported 
that increasing of Yb, decreasing of the critical current density and the critical 
temperatures [18]. These results are now more understandable with the 
decreasing of HC2(0) values. Now it is possible to calculate the coherence length, 
n, which is one of the characteristic parameter of the superconductors. It is an 
arduous quantity to measure directly, but it is thus often calculated from the 
equation, 
 
where Φ0 is the quanta of flux (2.07.10-15 Tm2) [64]. Figure 6 also shows the 
coherence lengths values of the samples in the temperature T = 0 K calculated 
from equation given above. ξ(0) varied from 33 to 16 Å with the content of Yb. 
Similar results are reported for the coherence length ξ(0) and HC2 (0) values for Bi-
based superconductors [19,25,65,66]. 
According to the thermally activated flux creep model, the energy dissipated in the 
tail part of the magnetoresistance plot is expressed by an Arrhenius-type equation 
[25,67–70]. 
 
where U is the flux pinning energy or activation energy for flux creep depending on 
the temperature and magnetic field, ρ0 is the pre-exponential factor, and kB is 
Boltzmann constant. The U value can be directly deduced from the slope of the 
plot of log (ρ/ρ0) versus 1/T as exhibited in Fig. 7, where the value of ρ0 at the 
temperature of 110 K was used. 
The flux pinning energy or activation energy U can be calculated from the linear 
data in the tail part of the plots in Fig. 7, for all samples. As can be seen from the 
figure the activation energy, U, decreases with the increasing of the amount Yb 
and the applied magnetic field. It can be at the grain boundaries which reduce the 
intergranular coupling and increase the weak links, the vortices creep easily 
whereas the pinning energy or activation energy decreases. These results are in 
agreement with the previously reported results [19,24,67]. 
It will also be very useful to mention the main differences between curves in Fig. 8 
observed for 0.5 Tesla applied fields. Since 0.5 Tesla, the applied magnetic field 
has penetrated intergranular media; a possible interpretation for the differences 
[19,71,72] between curves can be fit to the existence of different superconducting 
levels within the samples at the intergranular region. It is clear that when the 
magnetic field is gradually increased from 0 to 5 T, the rate of decline in pinning 
energy, U, decreases. Thus, it would be reasonable to assure that in the sample A, 
the fraction of grains interconnected by strong-links (clusters) is very small as 
compared with the sample D. 
 
4 Conclusions 
In the present study, Bi2Sr2CaCu2-xYbxOy (x = 0.0, 0.05, 0.1, and 0.25) samples 
were successfully prepared by a polymer matrix route technique and then textured 
a (LFZ) method. The electrical resistivity broadening behavior in the magnetic field 
has been studied in the thermally activated flux creep model. According to this 
model, the flux pinning energy, U, decreases with Yb content because of reduced 
energy barriers. It is possible to say that the reduction of the energy barriers may 
arise from the increasing of the weak links. With the increase of the weak links, the 
vortices creep easily and the pinning energy or activation energy decreases since 
non-strong pinning centers are developed in the system by substitution of Yb. 
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Table 1. Unit cell parameters, particle size and hole-carrier concentration for each 
of the samples 
 
 
  
Table 2. ??????? and ??
?????? values of the samples at various applied magnetic field 
 
 
  
Figure captions 
Figure 1. X-ray diffraction patterns of the Bi2Sr2CaCu2-xYbxOy superconducting 
samples. (+) Bi-2212 phase, and (*) (Sr,Ca)CuO2 secondary phases 
Figure 2. Magnetization against temperature for samples a, b, c and d at an 
applied field of 50 Oe 
Figure 3. Temperature dependence of resistivity for various applied magnetic field 
for sample a, b, c and d 
Figure 4. The irreversibility lines of the samples a, b, c and d for ??????? and ??
?????? 
Figure 5. Upper critical magnetic field HC2(T) versus Tc for the samples 
Figure 6. HC2 and ξ values versus Yb content 
Figure 7. The Arrhenius plot of the resistivity of samples a, b, c and d 
Figure 8. The flux pinning energy U versus applied magnetic for the samples 
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